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NeoplasmAbstract Background: MRI examination of the rectum has evolved as the standard technique in
the assessment of cancer rectum having multiplaner capabilities and high tissue contrast imaging.
Aim of the work: The aim of this study is to evaluate the role of MRI in assessment of rectal neo-
plasm.
Patients and methods: In this work, 42 patients were studied as preoperative evaluation and staging
that known to have or highly suspected clinically to have rectal neoplasms. They were subjected to
assessment by MRI using pelvic phased array coil with IV contrast (Gadolinium) and rectal gel
administration.
Results: MRI was proved to have high accuracy in the assessment of the rectal wall inﬁltration and
pelvic organ involvement which is about 93% and also has high accuracy in the assessment of peri-
rectal lymph nodes involvement which is about 91% as compared to the post-operative pathological
results.
Conclusion: Our study results demonstrate that high resolution MRI has pivotal role in accurate
staging of rectal cancer and predicting involvement of the perirectal and pelvic lymph nodes as well
as planning of the sphincter sparing surgery.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
Colorectal cancer (CRC) is a major health problem. More
than one million patients worldwide are diagnosed annually
(1). Colorectal cancer ranks third among the most frequently
diagnosed tumors in the world, after lung cancer and breast
cancer (2). Around 30% of all colorectal cancer are diagnosed
in the rectal anatomic site (accounting for 5% of malignant
834 A.H. Teama et al.tumors and ranked as the ﬁfth most common cancer in adults)
(3). Rectal cancer is more prevalent in the elderly population
with a greater than 10-fold increase in the incidence beyond
65 years old. A decreasing trend in the age incidence has been
observed in the last decade, with a higher incidence among
males (3–5) (see Figs. 1–7).
Most rectal cancers are thought to primarily develop from
adenomatous polyps over a period of 10–15 years, known as
the adenoma carcinoma sequence. The incidence of polyps
increases with age and the risk of malignant transformation
of a polyp markedly increases with its diameter. The rate of
malignant transformation is about 1% for polyps less than
1 cm in diameter but 10% for larger ones (6).
Despite advances in the diagnosis and treatment of rectal
cancer, ﬁve year survival rates continue to represent around
the 50% mark. For cancers limited to the bowel wall, the sur-
vival rate climbs to 83–90%, and drops to less than 10% if
there are distant metastases, highlighting the importance of
early detection and treatment (7,8).
Routine imaging modalities that can be used to assess this
region include barium studies, computed tomography (CT)
with contrast enhancement and ultrasound (US) (9,10). How-
ever, these examinations are limited in their ability to depict
the anatomy of the entire pelvic ﬂoor, so that they fail to delin-
eate the full extent of lesions and their relationship with the
pelvic anatomy. Endosonography is unable to aid in the assess-
ment of supra-sphincteric tracts and perirectal disease (9).
Sonography has inherent problems. It is operator-dependent,
and problems arise when scanning high or stricturing lesions.Fig. 1 (a–e); A male patient aged 26 years, with mucinous adenocarci
and tenesmus, MRI rectum (a) axial T1WI, (b) Axial T2WI, (c) Coron
heterogeneously enhancing circumferential mural polypoidal thickening
anterior mesorectal fat (CRM) and posterior urinary bladder wall and
3  2 cm and about 3.5 cm from levator insertion site (external anal sThe limited ﬁeld of view makes assessment of structures
beyond the ﬁeld of view difﬁcult to interpret. CT has shown
poor results for the local staging of rectal lesions (11).
Furthermore, these conventional imaging modalities are
uncomfortable for the patient. It was found that magnetic res-
onance imaging to be useful to both the surgeon and the gas-
troenterologist in assessing the extent of rectal diseases and,
when necessary, in planning surgical intervention. Magnetic
Resonance Imaging (MRI) is also acceptable to the patient
as it is non-invasive and does not cause discomfort (9).
MRI is the imaging modality with the highest soft-tissue
contrast (12). It is the newest modality developed for cross-
sectional imaging of the body and nearly all organ systems
can be evaluated with this technique. MR imaging of the hol-
low organs of the gastrointestinal tract (GIT) is being used to
evaluate and stage malignancies, especially of the rectum (13).
It is shown that high-resolution pelvic MRI has an undeni-
able role in the therapeutic management of rectal cancer, par-
ticularly for the determination of the circumferential resection
margin and evaluation of sphincter invasion (14,15).
The evolution of surgical techniques and the shift to neo-
adjuvant chemotherapy–radiation therapy, necessitate accu-
rate preoperative staging (16).
Over-staging as a result of desmoplastic tumor reaction still
occurs, and identiﬁcation of the individual rectal wall layers,
particularly the submucosal layer, can still be difﬁcult. The
assessment of nodal involvement remains a confounding
factor. So the issue of our subject is to evaluate accurate
MR role in assessment of rectal neoplasm.noma grade II, stage (T4bN1a), presented with bleeding per rectum
al T2WI, (d) Sagittal T2WI, (e) Axial T1 postcontrast WI revealed
at rectosigmoid region site involving all rectal layers, extending to
communicating with it through opening 9 cm. The mass measures
phincter).
Fig. 2 (a–g) A male patient aged 30 years, with adenocarcinoma on top of tubulovillous adenoma stage (T3bN1b) presented clinically
with bleeding per-rectum and constipation. MRI rectum (a) Axial T1WI, (b) Axial T2WI, (c) Coronal T2WI, (d) Sagittal T2WI, (e)Axial
T1 postcontrast WI revealed heterogeneously enhancing cauliﬂower mass with endo and exophytic soft tissue components exhibiting wide
anterior base within the rectal ampulla involving all the layers of the rectum in a segment extending from the 9 o’clock to 2 o’clock
positions with transmural rectal extension inﬁltrating the corresponding right meso-rectum with early trans-mesorectal lateral spread
(CRM),also, few prominent lymph nodes are noted around the rectum (below 1 cm). The mass measures 7  7  6.5 cm starting about
6 cm above the levator ani insertion site (external anal sphincter). (f) DWI (b 600) revealed diffusion restriction of the lesion. (g) DWI and
ADC show low ADC value about 0.75 suggestive of being malignant.
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This study was conducted on 42 patients with rectal neoplasms
and/or highly suspected clinically to had rectal neoplasms who
referred fromGeneral Surgery Department at Tanta University
Hospital & Tanta Cancer Center to Radiodiagnosis & Medical
imaging Department at Tanta University Hospital for MRI
pre-operative evaluation and staging of rectal neoplasm.
This study was performed at the period from March to
December 2013.
The age of 42 patients of our study ranged between 23 and
69 years with mean age 46 years. Male to female ratio was 1:1.8.This study was conducted according to the guidelines of the
ethics committee of our university and was approved by our
institutional review board. All patients gave written informed
consent to be imaged.
All the patients were subjected to the following:
1. Detailed history with special emphasis on the following:History of the present illness suggestive of cancer rectum
e.g. presence of constipation and/or fresh blood in stool.
2. Clinical examination:
a. General clinical examination.
Fig. 3 (a–g) A female patient aged 25 years, with Mucinous adenocarcinoma, stage (T4bN1b) presented clinically with bleeding per
rectum. MRI rectum (a) Axial T1WI, (b) Axial T2WI, (c) Coronal T2WI, (d) Sagittal T2WI, (e)Axial T1 postcontrast WI, revealed
heterogeneously enhancing circumferential mural thickening involving all the layers of the rectosigmoid, rectum and anal canal with
subsequent extension to the mesorectal fascia (CRM) exceeding beyond it to the lateral pelvic fat on both sides reaching to the related
posterior vaginal wall with no deﬁnite clear fat plane in between, few prominent lymph nodes are noted around the rectum (below 1 cm).
The lesion measures about 3 cm in its maximum thickness and about 11 cm in length, involving the levator ani sling on both sides (external
anal sphincter), (f) DWI b 600, (g) DWI and ADC revealed diffusion restriction of the lesion denoting neoplastic nature of the lesion, also
diffusion restriction of the lymph nodes denoting metastatic nature.
836 A.H. Teama et al.b. Local examination (PR examination): for location,
size and predicted degree of inﬁltration of the lesion.
3. Laboratory investigations:
Such as complete blood picture, liver and kidney function
testes, prothrombin time tumor markers, and stool analysis
for occult blood.
4. Diagnostic examination and imaging:
All patients were subjected to pelvic MRI examination with
the following instruments:Instruments:
1. The MRI machine
MRI scans were performed using 1.5 T system (Signa high
speed, General Electric Medical systems, USA) in the MRI
unit of Radiodiagnosis and Medical Imaging Department at
Tanta University Hospital.
2. Pelvic phased array coil
The pelvic phased array is a receive-only surface coil which
consists of two sections. The bottom section is stationary and
Fig. 4 (a–f) A female patient aged 69 years, with mucinous adenocarcinoma, stage (T3b N0) presented clinically with bleeding per rectum.
MRI rectum (A)Axial T1WI, (b) Axial T2WI, (c) Coronal T2WI, (d) Sagittal T2WI, (e) Axial T1 postcontrast WI, revealed heterogeneously
enhancing ill-deﬁned fungating soft tissue mass lesion arising from upper 2/3 from the rectum involving all the layers of the rectum
extending to the left mesorectal fat about 5 mm from the left mesorectal fascia (CRM). The lesion measures about 8  5  8 cm and 9.5 cm
from levator insertion site (external anal sphincter), (f) DWI b600 showing restricted diffusion of the lesion denoting neoplastic nature.
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centered optimally from level of sacral promontory to at least
10 cm below the symphysis pubis.
Exclusion criteria:
 Cardiac pacemakers, ferromagnetic intracranial aneurysm
clips.
 Claustrophobic patients.
 History of allergy of intravenous contrast media
(Gadolinium).
 Pregnant patients (Gadolinium crosses the placenta blood
barrier).
Technique of examination:
Preparation before the examination:
 The aim of patient preparation is to familiarize the patients
with the procedure and to stress the importance of minimiz-
ing motion.
 The patients were instructed to wear hospital gowns and
remove all metallic objects.
 Patients were advised to have an enema 1–2 h prior to
examination.
 The patient lies in the supine position. The pelvic phased array coil is composed of two sections.
The upper section of the pelvic array coil is brought up
between the patients legs and visually centered over the
lower section of the array. Both sections are marked with
align of the marks on both coils.
 Ear-plugs are applied for the patient.
 Application of the compression bands and immobilization
foam bands.
 20 ml (mg) Buscopan intravenously for control of
peristalsis.
 150 ml rectal gel injected by syringe into rectum as a con-
trast material.
 Sagittal scout images are obtained parallel to the coil. The
coil position is re-evaluated (from the level of the sacral
promontory to at least 10 cm below the symphysis pubis)
and the coil is repositioned if necessary.
 For all patients the imaging protocol consisted of using
multisection fast spin echo delay time (TE) to obtain T1
and T2WI as follows:
 Axial T1 (TR = 438 ms, TE = 10 ms, slice thickness =
3 mm).
 Axial T2 (TR = 5000 ms, TE = 100 ms, slice thickness =
3 mm).
 Sag T2 (TR = 5000 ms, TE = 100 ms, slice thickness =
3 mm).
Fig. 5 (a–f) A female patient aged 25 years, with mucinous adenocarcinoma, stage (T3cN2) presented clinically with constipation and
deep pelvic pain. MRI rectum (a) Axial T1WI, (b) Axial T2WI, (c) Coronal T2WI, (d) Sagittal T2WI, (e) Axial T1 postcontrast WI,
revealed heterogeneously enhancing irregular circumferential mural wall thickness involving all the layers of the lower half of the rectum
measuring about 2 cm in its maximum thickness and 7 cm in its length with subserosal extension inﬁltrating the levator insertion site
(external anal sphincter) with enlarged perirectal lymph nodes, the largest one was seen on the left side measuring about 1.8  1.2 cm
abutting the left lateral mesorectal fascia (CRM). (f) DWI b600 showing restricted diffusion of the lesion denoting malignant nature.
838 A.H. Teama et al. Coronal T2 (TR = 5000 ms, TE = 100 ms, slice
thickness = 3 mm).
 Axial T1 with contrast weighted images (TR = 633 ms,
TE = 15 ms). The Gadolinium DTPA was used as I.V. con-
trast media with a dose of 0.1 mmol per kilogram of body
weight to enhance tissue contrast.
 Diffusion study was performed at b0, b300, b600
(TR = 3 ms, TE = 83 ms).
5. Histo-pathological assessment
Preoperative endoscopic and postoperative histopathologi-
cal assessments were available in all cases according to WHO
classiﬁcation.
2.1. T staging criteria on MR imaging
Tx: Determination of tumor extent is not possible because
of incomplete information.
Tis: Tumor in situ involves only the mucosa and has not
grown beyond the muscularis mucosa (inner muscle layer).
T1: Tumor grows through the muscularis mucosa and
extends into the submucosa.
T2: Tumor grows through the submucosa and extends into
the muscularis propria.T3: Tumor grows through the muscularis propria and into
the mesorectum.
T3a:Tumor extends<5 mmbeyond themuscularis propria.
T3b: Tumor extends 5–10 mm beyond the muscularis
propria.
T3c: Tumor extends >10 mm beyond the muscularis
propria.
T4a: Tumor penetrates the visceral peritoneum.
T4b: Tumor directly invades or is adherent to other organs
or structures.
2.2. N staging criteria on MR imaging
Nx: Node staging is not possible because of incomplete
information.
N0: No cancer in regional lymph nodes.
N1a: Tumor in one regional lymph node.
N1b: Tumor in two or three regional lymph nodes.
N1c: Tumor deposits in the subserosa, mesentery, or
nonperitonealized pericolic or perirectal tissues without
regional nodal metastasis.
N2a: Tumor in four to six regional lymph nodes.
N2b: Tumor in seven or more regional lymph nodes.
Fig. 6 (a–e) A male patient aged 55 years, with GIST, stage (T3cN1), presented with progressive pelvic pain, MRI rectum (a) Axial
T2WI, (b) Axial T1 Postcontrast WI, (c) Coronal T2WI, (d) Sagittal T2WI, DWI (b 600), revealed heterogeneously enhancing irregular
soft tissue mural thickening involving the lower third of the rectum continues with cauliﬂower exophytic mass lesion involving the right
lateral, anterior and posterior walls of the lower rectum, just above and indenting the right levator ani muscle with no evidence of
inﬁltration (external anal sphincter) extending to perirectal, mesorectal fat plans and the anterior mesorectal fascia (CRM), the lesion
measures about 2.5  6  6 cm, about 2 cm above the anal verge. (e) DWI (b 600) reveals diffusion restriction of lesion denoting
malignant nature.
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M0: No distant spread.
M1a: Tumor is conﬁned to one distant organ or site (eg,
liver, lung, ovary, nonregional lymph node).
M1b: Tumor spread to more than one organ or site or the
peritoneum (17).
3. Results
The age of 42 patients of our study ranged between 23 and
69 years with mean age 46 years. Male to female ratio was
1:1.8.
Age and the sex distribution of 42 patients of our study is
shown in Table 1. We found that the 5th decade group of the
patient was the most affected group (11/42) (26.2%), followed
by 3rd and 7th decade groups (9/42) (31.4%) and the female
patients were more affected (27/42) (64.3%).
The lesions were classified according to their location in
Table 2: in the upper third of the rectum ‘‘12–16 cm from
the anal verge”; in the middle third of the rectum ‘‘8–11 cmfrom the anal verge”, and in the lower third of the rectum
‘‘4–7 cm from the anal verge”.
We found that the highest incidence of rectal neoplasm
occurred in the lower third ‘‘4–7 cm” from the anal verge
(21–42) (50%) followed by the upper third ‘‘12–16 cm” from
the anal verge ‘‘(1/42) (26.2%), then middle third 8/42
(19%), lastly whole rectum 2 cases (4.8%).
Clinical presentations of 42 patients of our study are shown
in Table 3. Bleeding per rectum was the most common com-
plaint of patients with rectal neoplasms. 22 were having
bleeding per rectum (22/42) followed by, bleeding per rectum
and tenesmus.
Different morphological types of rectal masses by MRI: We
found that circumferential irregular mural wall thickening was
the most common type (19/42) (45.2%) followed by Mural
polypoidal thickening (9/42) (21.4%), followed by fungating
soft tissue mass (6/42) (14.3%), then eccentric inﬁltration 4
cases, lastly exophytic mass and invasion by direct metastasis
in 2 cases.
Histopathological classification of 42 patients of our study is
shown in Table 4: Out of 42 patients, 36 patients were con-
ﬁrmed histopathologically to had rectal carcinoma, 4 patients
had benign neoplasms and remaining 2 cases proven to be
metastatic rectal tumors.
Fig. 7 (a–e) female patient 65 years old with adenocarcinoma stage (T2 N0) on top of villous adenoma, presented clinically with
constipation and bleeding per rectum, MRI of rectum shows (a) axial T1WI, (b) axial T2WI, (c) coronal T2WI, (d) sagittal T2WI and (e)
axial T1WI with contrast revealed; lower half rectal polypoid soft tissue mass, hypo-intense in T1, iso-intense in T2WI, protruding intra-
luminal, arising from mucosa, sub-mucosa, and conﬁned to muscularis propria and enhancing homogenously without any extra-rectal or,
meso-rectal fat extension (free external anal sphincter and CRM).
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lesion of rectal neoplasm was adenocarcinoma (35–42)
(83.3%) and most common form of adenocarcinoma was
mucinous adenocarcinoma (13–42) (31%) followed by signet
ring adenocarcinoma carcinoma (11/42) (26.1%).
3.1. MR identification of mucinous carcinoma
On T2-w images, rectal carcinomas appear as wall lesions
exhibiting signal intensity slightly higher than the muscularis
propria but lower than the sub-mucosa. High signal intensity
of the tumor on T2-w images higher than that of the sub-
mucosa suggests the presence of mucinous carcinoma (parts
of the mucous lakes).
In our study 9 cases of mucinous adenocarcinoma appear
hyper-intense in T2WI and two cases show iso-intense signal
and two cases show hypo-intense signal.
3.1.1. MRI classification of rectal neoplasm according
to enhancement pattern
Although IV contrast medium administration is not needed in
routine examination and does not improve staging of rectal
tumors by MRI, Gadolinium contrast media, (Magnevist)
were intravenously administered in 42 patients of our studyfor more detail in our research and we found that all patients
showed contrast enhancement (with homogenous pattern in
(4/42) (9.5%) and heterogeneous pattern in (38–42) (90.5%)).
The tumoral tissue becomes more intense than that of rectal
mural muscle layers but less than that of mucosal layer.
T staging criteria on MR imaging
TNM staging was performed for only 36 cases who had
primary malignant rectal neoplasm.
Correlation between MR and histopathology, and tumor pen-
etration in the rectal wall are shown in Table 5. We found that
no lesion was staged as T1 by MRI i.e., no lesions were con-
ﬁned to the mucosal layer of the rectal wall in our patients,
conﬁrmed histopathologically.
In 4 cases, the lesion was staged as T2, and the study
showed invasion of the rectal layers up to the muscularis pro-
pria with no penetration of perirectal fat planes. Histopatho-
logical examination coincided with the MR ﬁndings
conﬁrming that there was no perirectal inﬁltration.
In 23 cases, lesions diagnosed as T3, there was invasion of
all rectal layers with perirectal fat inﬁltration yet without pelvic
organ involvement. This was conﬁrmed by histopathological
assessment in 21 cases, while one lesion was proved to have
inﬁltrated the pelvic organs i.e., T4 and the other case was
found to be conﬁned to the muscularis propria (T2) where
the outer border of the rectal wall is well delineated with no
Table 1 Age and the sex distribution of 42 patients.
Age in years Sex
Male Female Total
N % N % N %
20–<30 3 33.3 6 66.7 9 21.4
30–<40 3 42.9 4 57.1 7 16.7
40–<50 3 27.3 8 72.7 11 26.2
50–<60 2 33.3 4 66.7 6 14.3
60–70 4 44.4 5 55.6 9 21.4
Total 15 35.7 27 64.3 42 100
0
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Table 2 Incidence of rectal neoplasms of 42 patients accord-
ing to their situations.
Tumor location No. of
cases
Percentage
Upper third (12–16 cm from anal verge) 11 26.2%
Middle third (8–11 cm from the anal verge) 8 19%
Lower third (4–7 cm from the anal verge) 21 50%
Whole rectum 2 4.8%
Total 42 100%
Role of magnetic resonance imaging 841evidence of perirectal fat inﬁltration but desmoplastic reaction
appears falsely by MRI as inﬁltration.
The other 21 cases of T3 were T3 c (n= 15), T3 b (n= 3)
and T3 a (n= 3).
9 lesions with MR evidence of pelvic organ inﬁltration were
found: 2 cases showed urinary bladder invasion, 2 cases
showed vaginal involvement, 2 cases showed prostatic inva-
sion, 2 cases showed invasion of the related peritoneal reﬂec-
tion, and one case showed invasion of the right seminal
vesicles. In 8 cases histopathological examination conﬁrmed
the MR ﬁndings. The last case was proved pathologically to
be T3.
So, our study proved that MRI has sensitivity (91.7), speci-
ﬁcity (100%) and accuracy (93.06) in T staging of rectal
cancer.
It was found that axial T2 FSE is the best sequence used
for evaluation of involvement of the rectal layers. While thecoronal T2WIs and coronal oblique were better delineating
the levator ani affection axial T1 FSE, T1 postcontrast and
Diffusion WIs were properly evaluating the perirectal lymph
node enlargement.
It was found that T1 and T2WIs are all necessary for the
assessment of pelvic organ inﬁltration.
Correlation between MR and histopathology of lymph nodes
is shown in Table 6. From this table we found that 27 cases of
regional lymph node enlargement were noted and one case
showed enlarged iliac lymph node; all cases show contrast
enhancement, 4 cases of them show facilitated diffusion (reac-
tive), which was conﬁrmed histo-pathologically.
In 27 cases the enlarged lymph nodes were perirectal in
location with special note that the presence of enlarged perirec-
tal lymph nodes in about 50% of cases was opposite the level
of the tumor. In one case there was iliac nodal enlargement as
well.
*As regards N staging
Cases had lymph node by MRI (n= 28) and by
histopathology (n= 30).
Restricted diffusion (n= 24) with ﬁne distortion ranged
4–18 mm being malignant in histopathology.
These 24 cases show ﬁne speculated margin in spite of vari-
ation in size with four cases showing central degeneration in
lymph nodes, in addition to another case not clearly noticed
by MRI.
The frequency among these 25 patients was N1A (n= 1,
detected only by histopathology), N1B (n= 1), N2A
(n= 12), N2B (n= 1) and N3A (n= 10).
Table 3 Clinical presentation of 42 patients of our study.
Symptom N %
Bleeding per rectum 22 52.4
Bleeding per rectum and tenesmus 6 14
Constipation 5 12
Progressive deep pelvic pain 3 7.2
Constipation and bleeding per rectum 3 7.2
Progressive deep pelvic pain and tenesmus 3 7.2
Total 42 100
0
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Table 4 Histopathological classiﬁcation of 42 patients of our study.
Pathology N %
Malignant 38 90.5
Adenocarcinoma 35 83.3
Mucinous adenocarcinoma 13 31
Signet ring adenocarcinoma 11 26.1
Adenocarcinoma with Neuroendocrinal diﬀ. 8 19.1
Undiﬀerentiated adenocarcinoma 2 4.8
Spindle cell type 1 2.3
GIST 1 2.3
Metastatic 2 4.8
Benign 4 9.5
Familial polyposis 3 7.2
Adenomatous polyp 1 2.3
Total 42 100
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Table 5 Correlation between MR and histopathology, tumor penetration in the rectal wall.
T stage MR Histopathology Overestimated by MRI Under estimated by MRI
T0 0 0 0 0 0 0
T1 0 0 0 0 0 0
T2 4 11 5 14 0 0
T3 23 64 22 61 1 1
T4 9 25 9 25 1 0
Total 36 (100%) 36 (100%) 2 (5.6%) 1 (2.8%)
P-value 0.935 (NS)
Sens. 91.7
Spec. 100.0
Accuracy 93.06
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Table 6 Correlation between MR and histopathology of lymph nodes.
MRI Histopathology
Restricted diﬀusion Facilitated diﬀusion Metastatic Inﬂammatory
N 24 4 25 5
% 85.7 14.3 83.3 16.7
Total 28 30
P-value 0.910
Sens. 95
Spec. 88
Accuracy 91
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844 A.H. Teama et al.As regards M staging, distribution was M1A in one patient
and M1B in 5 patients.
Peritoneal Reflection: The peritoneum reﬂects off the supe-
rior aspect of the urinary bladder and onto anterior aspect of
the rectum, forming the rectovesical pouch. On MRI, it is best
identiﬁed on sagittal or coronal high-resolution T2-weighted
images, and on sagittal T2-weighted images.
****Vascular invasion of a rectal carcinoma is associated with
an increased rate of local recurrence and is considered as an
important independent prognostic factor. The typical appear-
ance on MRI, which is the only imaging modality that has
been shown to demonstrate extramural vascular invasion
(EMVI) in rectal cancer is that of discrete serpiginous or tubu-
lar projections of intermediate signal intensity into perirectal
fat, following the course of a visible perirectal vessel.
Some patients with microscopic vascular invasion could not
be resolved on MRI, while others with very obvious EMVI on
the pre-operative images had false negative histo-pathology
due to obliteration of normal venous architecture and in our
study 13 lesions showed vascular invasion of MRI, two cases
showed evident invasion of anterior peritoneal reﬂection and
one case showed desmoplastic reaction and led to overstaging
of MRI as T3.
***Circumferential resection margin (CRM)
The most important predictors of local recurrence are
CRM inﬁltration and tumor mesorectal fascia distance. The
expected CRM can be described as involved if tumor invasion
of the mesorectal fascia is visible or the tumor has proximity of
62 mm or less to the mesorectal fascia. Histological analysis
demonstrated that a tumor-free resection margin of 2 mm
was predicted if the distance between tumor and mesorectal
fascia measured by MRI was at least 6 mm.
In our study all stage 4 invades meso-rectal fascia and 11
case of T3 the tumor has proximity of 62 mm or less to the
mesorectal fascia.
Assessment of sphincter involvement: The internal sphincter
is a continuation of the circular muscle layer of the rectum,
whereas, the longitudinal muscle layer continues as the inter-
sphincteric plane between the internal and external sphincters.
The external sphincter complex is composed of the most infe-
rior part of the levator ani muscle, the puborectalis sling, and
the external sphincter muscles. The upper border of puborec-
talis sling forms upper edge of the surgical anal canal.
In our study 24 cases show involvement of internal anal
sphincter while 16 cases only show involvement of both exter-
nal and internal anal sphincters.
4. Discussion
Colorectal cancer is the third most common cancer diagnosed
in both men and women in the United States (18).
An Egyptian study done by Veruttipong et al. (19) analyzed
all medical records of 1364 patients diagnosed colorectal can-
cer in Gharbiah, Egypt, during the period 1999–2007 and
showed that rectal carcinoma constituted approximately
24.4% of colorectal cancer.
The prognosis of rectal cancer is closely related to the stage
at diagnosis and the choice of treatment because appropriate
preoperative treatment decisions require knowledge of the
exact stage of a tumor, accurate radiologic T staging (depthof cancer invasion) and N staging (lymph node metastasis)
(20).
Rectal cancer has a highly variable outcome, with local pel-
vic recurrence after surgical resection usually leading to incur-
able disease. The success of tumor excision depends largely
upon accurate tumor staging and appropriate surgical tech-
nique (21).
American cancer society, considered that the survival of the
patients with colorectal cancer depends to a large extent on the
stage of the disease at diagnosis; thus, in patients with localized
disease, 5 year survival is approximately 60%. On the other
hand, patients with distant metastasis have 5 year survival rate
less than 10% (7,8).
Survival is directly related to the extent of the extramural
spread into the mesorectum and the ability to achieve surgical
clearance at the circumferential resection margins. Two modal-
ities in therapy are considered to have a substantial effect on
reducing the frequency of local recurrence and improving sur-
vival: total mesorectal excision surgery and preoperative
neoadjuvant radiation therapy and chemotherapy. Preopera-
tive radiation therapy was found to result in down staging
and cause the primary tumor to shrink, permitting sphincter
sparing surgery and avoidance of colostomy (22).
This study was conducted on 42 patients with rectal neo-
plasms or highly suspected clinically to have rectal neoplasms.
In the current study the age of 42 patients ranged between
23 and 69 years with mean age 46 years, about 38% of them
are younger than 40 years at the time of diagnosis. On the con-
trary, study carried out by Zhang et al. (23) which included
thirty-eight patients with clinically suspected rectal carcinoma
who underwent 3-T MRI found that the mean age is 65 years
and only 8.4% of colorectal cancer occur in patients younger
than 40 years old.
In our study, the male to female ratio was 1:1.8 in compar-
ison with 1:1 in the study done by Elbolkainy et al. (24) in
National Cancer Institute on 215 patients with colorectal
carcinomas, treated by radical surgery during the years
2003–2005.
Another study done by Veruttipong et al. (19) that analyzed
all medical records of the 1364 patients diagnosed colorectal
cancer in Gharbiah- Egypt during the study period 1999–
2007 reported that male to female ratio was 1.2:1. In our study,
out of 42 patients who had conﬁrmed histopathologically to
had rectal neoplasms, 38 were having malignant rectal lesions
(36 with primary malignancy and 2 with secondaries) while the
remaining 4 cases were benign rectal lesions. Out of 42 patients
who had conﬁrmed histopathologically to had rectal neo-
plasms, 35 were histopathologically diagnosed as adenocarci-
noma i.e. 83.3% and the most common type of
adenocarcinoma was mucinous adenocarcinoma which results
in 13 patients i.e. 31% in agreement with Veruttipong et al.
(19) who reported that adenocarcinoma was the most common
histopathologic type of tumors (87.0%) and mucinous adeno-
carcinoma was present in 23.3%.
In our study, we are in agreement with Kaur et al. (17) in
using the pelvic phased array coil with administration of
endorectal warm gel to distend the involved rectal lumen and
in addition to I.V. Buscopan (spasmolytic material) just prior
to the examination to reduce motion artifacts and improving
image quality. Also, I.V. MR Contrast material was used in
Role of magnetic resonance imaging 845all patients evaluated using pelvic phased array coil alone with
a bolus dose of 0.1 mmol of gadolinium per kilogram of body
weight to enhance tissue contrast.
Kim et al. (25) found that high-resolution T2-weighted
imaging is the key sequence in the magnetic resonance (MR)
imaging evaluation of primary rectal cancer. This sequence
generally consists of thin section (3-mm) axial images obtained
orthogonal to the tumor plane. This technique allows differen-
tiation between rectal tumors conﬁned within the rectal wall
(stage T2 tumors) and those that extend beyond the muscularis
propria (stage T3 tumors) and also can assess the depth of
invasion outside the muscularis propria. In addition, high-
resolution T2-weighted images allow the morphologic
assessment of pelvic nodes, thereby improving accuracy in
the characterization of nodes as benign or malignant.
Zhang et al. (23) and Wallengren et al. (26) reported that on
T2-weighted images, tumors were better evaluated because on
T2-weighted images perirectal fat with its high signal intensity
has excellent contrast to the tumor. For the axial T1-weighted
fast spin-echo sequences, it was substantially inferior to those
of the T2-weighted images. Coronal and sagittal images were
especially useful for showing the relations among the tumor,
levator ani muscle, and sphincter.
In this work axial T1 and T2 were routinely used, and also
coronal and sagittal images were obtained in order to identify
pelvic ﬂoor muscles and pelvic organs inﬁltration.
We divided the lesion according to the location, and we
found that the lower third of the rectum ‘‘4–7 cm from the anal
verge is the most affected portion at 50% of cases in agreement
with study conducted on 30 patients with rectal tumors and
found that the lower third of the rectum is the most affected
portion at 63.3% (23).
Hamilton et al. (27) study was conducted on 5477 cases
using pre-existing records in a large electronic primary care
database. Cases were patients aged 30 years or older with a
diagnosis of colorectal cancer between January 2001 and July
2006, and it was found that the most common clinical presen-
tation was constipation at 27% of cases while bleeding per rec-
tum was the clinical presentation of 15.6% of cases, on the
contrary; In our study, the most common clinical presentation
was bleeding per rectum at 52.4% of cases while constipation
was 12% only.
Gadolinium contrast media, (Magnevist) were interve-
nously administered in all patients examined. 82% of lesions
had heterogeneous patterns of enhancement. The tumoral tis-
sue becomes more intense than that of rectal mural muscle lay-
ers but less than that of mucosal layer; Kim et al. (25) study
was conducted on 109 patients with rectal cancer, 3-TMR
images obtained with 2D and 3D T2-weighted imaging proto-
cols, in axial T2WI, sagittal T2WI, oblique sagittal T2WI and
oblique coronal T2WI with no use of contrast material or rec-
tal distention. The accuracy of T staging with 2D T2-weighted
imaging ranged between 63.3% and 66%, while our study
showed accuracy of T staging of 93%.
Our study was in agreement with Mercury study group (28)
and (29) and Beets et al. (30) in that high-resolution MR imag-
ing is a reliable and reproducible technique predicting the
depth of tumor invasion outside the muscularis propria, and
in our study its speciﬁcity, sensitivity and accuracy of T staging
were about 100%, 91.7% and 93% respectively which show no
signiﬁcant changes in comparison with Zhang et al. (23)(speciﬁcity 100% and accuracy 92.1) and Mercury study group
2007 (speciﬁcity 92%).
Assessment of nodal involvement remains a confounding
factor. Patients with malignant adenopathy should receive
chemotherapy–radiation therapy; however, cross-sectional
imaging relies on size as a criterion for nodal involvement,
which has signiﬁcant limitations.
High-resolution MRI allows assessment of nodal morphol-
ogy, which signiﬁcantly improves speciﬁcity in assessment of
nodal involvement (31).
In Zhang et al. (23) study speciﬁcity, sensitivity and accu-
racy of lymph nodes involvement were 79.0%, 64.7% and
90.5% respectively but in our study which showed higher
results, speciﬁcity, sensitivity and accuracy of lymph nodes
involvement were 88%, 95% and 91% respectively. This dif-
ference might be due to the fact that in our study we depend
mainly on morphological criteria of the lymph nodes, diffusion
pattern and insigniﬁcancy of lymph nodes size.
Kim et al. (25) study is in agreement with our study that
nodes within conﬁnes of the mesorectal fascia are resected dur-
ing TME. These nodes should be assessed in terms of their
involvement (i.e., benign or malignant) and the relationship
between clearly malignant nodes and mesorectal fascia. If a
malignant node or tumor deposit abuts (i.e., less than 1 mm
from) the mesorectal fascia, this information is important to
surgeon, who must stay well clear of the tumor at that margin.
Lymph nodes outside the mesorectal fascia along the pelvic
sidewall are not routinely resected. However, if involvement
of these nodes can be established preoperatively, it is impor-
tant to modify the treatment approach to avoid recurrence in
untreated nodes. Involved extra-mesorectal lymph nodes can
be targeted with a widened ﬁeld for preoperative radiation
therapy.
It is well established that nodal size is of limited value in
assessing the presence of metastasis. The most frequently used
size criterion for distinguishing malignant from nonmalignant
nodes (i.e., 5 mm) used in Merkel et al. study, showed sensitiv-
ity of 68% and speciﬁcity of about 78% (32). The limited accu-
racy of nodal size is likely related to the fact that 30–50% of
metastases in rectal cancer occur in nodes that are less than
5 mm (33).
Recently, it was reported that nodal margins and internal
nodal characteristics are the most reliable indicators of
malignancy. Features that are suggestive of malignancy
include irregular or speculated nodal margins and heteroge-
neous signal intensity in addition to the restricted diffusion
pattern of the involved node. The evaluation of these fea-
tures requires high resolution images that cover all nodes
of importance, including superior rectal and pelvic sidewall
adenopathy (34).
MR imaging in coronal plane is very useful for detecting
tumor involvement of levator ani muscles. If levator ani mus-
cles are involved, an anterior resection should not be per-
formed and an abdominoperineal resection is needed, also if
muscle, nerve, or bony involvement is suspected or if extensive
and invasive disease is expected (35).
Vogl et al. (36) reported that, overstaging was the only false
results found during MR staging. This may be due to the con-
siderable number of small rectal lesion evaluated but in our
study there was overstaging in two cases and understaging in
one case.
846 A.H. Teama et al.5. Conclusion
Our study results demonstrate that high resolution MRI has
pivotal role in accurate staging of rectal cancer and predicting
involvement of the perirectal and pelvic lymph nodes as well as
planning of the sphincter sparing surgery. Also, thus we con-
clude MRI has a golden standard value in the establishment
of the best treatment strategy.
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